INTRODUCTION
During an investigation of peripheral blood lymphocyte cyclic AMP (cAMP) metabolism in normal and asthmatic subjects, cells from a control blood donor were found to have a markedly decreased cAMP concentraThis work was presented in part at the Annual Meeting, Midwest Section, The American Federation for Clinical Research, 1 November 1973.
Dr. Snider was supported by the U. S. Public Health Service.
Received for publication 8 March 1976 and in revised form 2 June 1976. tion as well as a diminished response to isoproterenol and prostaglandin E1 (PGE1). After careful questioning, it was determined that she had ingested an ordinary therapeutic dose of aspirin on the same morning the blood was drawn. The present study was undertaken to determine whether aspirin does indeed alter lymphocyte cAMP metabolism and whether the effect can be reproduced by exposing the cells to aspirin in vitro.
METHODS
Chemicals. Acetylsalicylic acid obtained from two commercial sources (Aldrich Chemical Co., Inc., Milwaukee, Wis., and Sigma Chemical Co., St. Louis, Mo.) gave identical results when added to purified lymphocyte suspensions in vitro. In experiments involving the addition of aspirin in vitro to whole blood, the Sigma product was used. Acetylsalicylic acid used for in vivo studies was Bayer brand aspirin tablets (The Bayer Company, Division of Sterling Drug, Inc., New York) (320 mg each) obtained from a local pharmacy. The a;cetylsalicylsalicylic acid content of the aspirin preparations used in these studies was determined by the method of Bundgaard (1) steroidal anti-inflammatory drugs for at least 1 wk before the experiment were used as cell donors. Blood was obtained between 8:00 and 9:30 a.m. and processed as rapidly as possible. Lymphocytes were purified by Ficoll-Hypaque density gradient centrifugation and characterized as previously described (2) . Preparations contained 93-98% mononuclear cells, almost all of which appear to be lymphocytes as judged by morphologic and functional criteria. In some experiments, aspirin was added to portions of the blood just after the addition of heparin and remained present during the dextran sedimentation portion of the purification procedure (see below).
Experimental conditions in vitro. Purified lymphocytes were suspended in Gey's solution, pH 7.4, at final concentrations usually ranging from 2-5 X 106/ml. The cells were then incubated for various time periods at 370 C in the presence and absence of stimulatory agents. The incubation conditions were chosen on the basis of previous studies from this laboratory (3) . No pH change of greater than 0.2 units was observed during the incubation.
After incubation, the cells were harvested by centrifugation at room temperature for 2 min at 1,500 g. Cyclic AMP was determined in the pellets by radioimmunoassay (4) . Control experiments excluded possible effects of aspirin or salicylate in the immunoassay.
Exposure to aspirin in vivo. Conditions for exposure to aspirin in vivo in acute and overnight ingestion experiments are as outlined below and in the legend to Table I .
Other studies. Plasma salicylate levels were determined by the method of Trinder (5). Procedures for the enumeration of immunoglobulin-bearing cells with polyvalent rabbit anti-human Ig and fluorescinated goat anti-rabbit Ig have been described in detail previously (2, 3) .
The statistical significance of differences in mean cyclic AMP values was determined by the two-tailed paired t test (6) .
RESULTS
In our initial experiments, aspirin in final concentrations of 500 and 100 usg/ml was added in vitro in lymphocyte suspensions preincubated at 37°C for 30 min. The cells were then incubated for an additional 30 min at 37°C. The above aspirin concentrations were chosen because they approximate the upper and lower limits of plasma salicylate concentrations achieved during highand low-dose aspirin therapy. Under these conditions, there was a very modest and statistically insignificant increase in cAMP in the lymphocytes exposed to aspirin (19±1, 19±5, and 14±3 SEM pmol/107 cells at 500, 100, and 0 Asg aspirin/ml, respectively, in six experiments [not shown]). In seven experiments with lymphocytes preincubated with aspirin at 37°C for 60 mins, resting cyclic AMP levels were again unaltered (22±5, 22+-3, and 17±1 pmol/107 cells at 500, 100, and 0 ug aspirin/ml, respectively [not shown]). Moreover, when aspirin and isoproterenol or PGE1 were used in combination, results similar to those with isoproterenol or PGE1 alone were obtained. Experiments using longer or shorter preincubations, shorter incubations with isoproterenol or PGE1 (5, 10, or 15 min), or sodium salicylate instead of aspirin also failed to reveal a clearly 10 different normal subjects were given 640 mg of aspirin by mouth 12 h and 1 h before venipuncture. Cells were preincubated for 30 min at 37°C and then incubated for an additional 30 min at 37°C in the presence and absence of stimulatory agents. Lymphocyte cyclic AMP levels after aspirin ingestion were compared to control levels in the same subjects (obtained the preceding day in eight subjects and during the preceding week in two subjects). In five subjects the percentage of immunoglobulin-bearing cells was examined before and after aspirin ingestion and found to be unchanged. Results are means±vSEM.
definable effect on resting or stimulated levels (not shown).
To determine whether the ingestion of aspirin could affect lymphocyte cyclic AMP metabolism, 10 different normal subjects participating in the overnight aspirin study were given two aspirin tablets (640 mg) 12 h and 1 h before venipuncture (a total of 1,280 mg). In three subjects this dose of aspirin produced plasma salicylate levels of 4.5-6.2 mg/100 ml at the time of venipuncture. As shown in Table I , mean resting and stimulated cyclic AMP levels after aspirin ingestion were approximately 50% of the control levels, although the percent increases in response to isoproterenol and PGEi after aspirin ingestion were similar to that of the controls.
Although the foregoing studies had demonstrated that aspirin ingestion could affect lymphocyte cyclic AMP levels, it was not clear how rapidly this effect occurred. Therefore, 13 different normal fasting subjects participating in the acute aspirin study were given three aspirin tablets (960 mg) by mouth with water. Salicylate levels were measured in three of these subjects and were found to range from 0.2 to 5.1 mg/100 ml at 30 min and from 1.5 to 5.1 mg/100 ml at 60 min. (All salicylate levels were zero at zero time).
In the zero-time cells, the mean cyclic AMP levels after incubation with buffer, PGEi, or isoproterenol under the conditions in Table I were consistently higher than in similarly treated cells obtained 30 min after ingestion of aspirin (P values of < 0.02 for unstimulated no longer significantly decreased, but the PGE1 responses remained depressed. The possibility that the decreases were in some way related to repeated venipuncture is quite unlikely, since we failed to observe these changes in six similarly studied subjects who had not ingested aspirin. Similar control studies also produced negative results in the overnight experiments. In addition, no evidence was obtained that exposure to aspirin in vivo affected lymphocyte recovery or purity or B cell-T cell ratios.
Because the in vivo effect of aspirin on lymphocyte cyclic AMP metabolism could not be reproduced by adding aspirin, sodium salicylate, or both (two experiments, not shown) directly to suspensions of purified human peripheral lymphocytes, additional in vitro experiments were performed in which aspirin was added to whole blood in quantities calculated to give final concentrations of 100 ,ug/ml or 500 Amg/ml during the dextran sedimentation step (Table II) . In cells exposed to the higher (500 .m/ml) concentration of aspirin during dextran sedimentation, significant decreases in cAMP under all three experimental conditions (buffer, PGE1 isoproterenol) were obtained. At the lower (100 Ag/ml) aspirin concentration, cyclic AMP levels were not statistically decreased, although some diminution in the mean response was obtained with isoproterenol and PGE1.
DISCUSSION
The results presented in this paper provide evidence that exposure of human beings to ordinary therapeutic doses of aspirin results in alterations in peripheral lymphocyte cAMP levels that persist even after the cells have been extensively purified. The absolute response to stimulation with isoproterenol and PGE1 was also depressed after aspirin ingestion, although the relative (percent) increase above resting levels was similar to that of cells not exposed to aspirin. Interestingly, this aspirin effect was not seen with direct additions of aspirin to purified lymphocytes in vitro. However, when aspirin was added to whole blood in vitro, a suppressive effect was demonstrated, although only at the higher aspirin concentration. It is therefore tempting to speculate that aspirin may be stimulating the release of a soluble mediator from nonlymphocytic cells, which in turn alters cAMP levels in lymphocytes, probably by altering their adenylate cyclase or phosphodiesterase activity.
The ability of aspirin to alter lymphocyte cAMP levels raises the interesting issue of whether similar effects of aspirin are occurring in other tissues. In particular, it is worth considering the possible role of analogous alterations in cAMP metabolism in the lung in the pathogenesis of aspirin-sensitive asthma. There is at least one report of aspirin-induced alterations in adenylate cyclase activity in the rat gastric mucosa (7) , but by Salicylate levels of 45-98 jsg/ml and 240-270 ;g/ml. respectively, were obtained at the termination of the sedimentation step, indicating that at least one half of the added aspirin had been hydrolyzed during sedimentation. Subsequently cells were purified in the usual manner with aspirin-free solutions. Incubation conditions are given in the legend to 
